| MATERIALS AND METHODS

| Index case
In April 2011, 1 of the authors (JES) was contacted by a client from south-central California that owned a kennel with 20 greyhounds and greyhound mixes. Over the last 10 years, 15 of the dogs had died at <6 years of age in association with anemia and a bleeding diathesis.
Clinical signs of pallor, decreased appetite, and weight loss had rRNA gene (internal sample control) was used to determine DNA quantity and quality in addition to routine use of negative and positive controls. Results were negative for all organisms tested.
Three separate endpoint (conventional) PCR assays were used on DNA extracted for the previous real-time PCR assay, designed to detect the 16sRNA gene of hemotropic mycoplasmas, the 18sRNA gene of Babesia spp., and the ITS-2 region of Babesia spp. The assays were performed as previously described. 3,9,10 PCR products were visualized after electrophoresis in an 2.5% agarose gel after staining (GelStar nucleic acid gel stain, Lonza, Rockland, Maine) and visualization by UV transillumination. Negative controls (ultrapure water) were included for each assay. Both Babesia PCR assays yielded products, but the hemoplasma PCR assay was negative. PCR products were directly sequenced in both directions (College of Biological Sciences DNA Sequencing Facility, University of California, Davis, California).
Sequence homology was 99.43% for B. conradae comparing both 18sRNA (AF158702.1) and ITS-2 gene sequences (AY965739.1). PCR for the ITS-2 gene and sequencing was performed for a total of 9 dogs (including the index case) and the results were the same as for the index case. On retrospective review of blood smears from the index dog using light microscopy by a board-certified clinical pathologist (SDO), small (2-3 μm) piroplasms were identified occurring singly within infected erythrocytes on careful slide review. The degree of parasitemia was not otherwise quantified.
Subsequently, a specific B. conradae real-time PCR assay was developed. PCR was performed using the forward primer 5 0 -CGAATC Any dog that tested positive using PCR for B. conradae during the 6-year period of observation was included as cases and was included only once. Control dogs were temporally and location-matched dogs, which tested negative for B. conradae. We also attempted select agesimilar controls, where possible. For a given time point, dogs were sorted in order of descending age and the next oldest dog that tested negative for B. conradae was selected as a control for each case.
When this was not possible, the next youngest dog that tested negative for B. conradae was chosen as a control, to most closely approximate the age of the case dog. Dogs examined serially were only enrolled once. Our study was approved by the UC Davis Institutional Animal Care and Use Committee (protocol #18956).
| Statistical analysis
Descriptive data is presented as median and interquartile range or median and range for molecular and microbiologic results. For normally distributed data, the Student's t-test was used to compare
Babesia PCR-positive and Babesia PCR-negative dogs. Nonparametric data was log transformed before statistical analysis. A Chisquared test was used to evaluate categorical data, and the Fisher's exact test was used to evaluate categorical data with groups <5.
Logistic regression was used to evaluate odds ratios of continuous data on Babesia PCR positivity. A four-way ANOVA was performed to evaluate the relationship between hematologic variables and PCR positivity with B. conradae, M. haemocanis, and "Candidatus M.
hematoparvum," and positive culture with B. v. subsp berkhoffii. Significance was set as a P-value < .05. All statistics were performed on commercially available software (SAS version 9.4 2013 SAS Institute
Inc, Cary, North Carolina). The tables were removed during the peer review process.
| RESULTS
Twenty dogs were initially identified and have been separately On physical examination, all 55 dogs were docile, alert, and interactive and assessed to have normal hydration and vital signs including body temperature. All dogs were in lean body condition (median body condition score 4/9). Over the entire 6-year period, ticks were only identified on 1 dog on one occasion, which was found to have several ticks in the inguinal region. Ticks were not identified on any other greyhound. Physical examination findings included palpable splenomegaly (n = 13), peripheral lymphadenomegaly (n = 13), mucosal pallor (n = 15), gingival bleeding (n = 1), and scars over the muzzle, trunk and limbs (n = 30; Table 1 ). No evidence of infective endocarditis was observed on echocardiography of the first cohort.
Twenty-nine of the 55 dogs tested positive for B. conradae using PCR (median CT value 25.99, range 18.95-37.01) using real-time PCR.
Dogs testing positive for B. conradae were significantly more likely to have splenomegaly (P = .02), and mucosal pallor (P < .001), but not lymphadenomegaly (P = .59). Dogs that tested positive using PCR for B. conradae were older than dogs that tested negative (OR 2.1, CI 1.3-3.3, P < .001) and were more likely to have a history of known aggressive interaction with coyotes (OR 31.2, CI 3.6-272.3, P < .001).
PCR-positive dogs were more likely to be anemic (P < .001) with macrocytosis (P < .001) and hypochromasia (P < .001, Table 2 ). They were also more likely to be leukopenic (P < .001) and neutropenic (P < .001) than dogs that were PCR-negative for B. conradae. Finally, dogs that were PCR-positive for B. conradae were more likely to be thrombocytopenic (P < .001) and have macroplatelets (P < .001) than dogs testing PCR-negative for B. conradae ( Table 2 ).
Dogs that tested PCR-positive for B. conradae had higher serum total protein (P < .001) and globulin (P < .001) concentrations, but lower albumin concentration (P < .001), sodium concentration (P < .001), and alanine aminotransferase activity (P = .04) than control dogs (Table 3 ). Significant differences were observed between groups in anion gap, serum calcium, and phosphorus concentrations but mean values for both groups fell within reference intervals. Despite there being more proteinuric cases than controls on urinalysis, proteinuria was mild, and differences were not statistically significant (n = 20, median 25 mg/dL, range 0-150 mg/dL, P = .07, Table 4 ). Only 1 dog had a urine protein : creatinine ratio performed (urine proteinuria 150 mg/dL, UPC 4.5).
| Other blood-borne infections and coinfections
In the first cohort, 9 of the 20 dogs tested positive for B. conradae using real-time PCR. Of the 9 dogs that were positive for B. conradae, Finally, when comparing hematologic variables between dogs with any infection identified by PCR or culture (46) and those negative for all tested pathogens (9), there was a significantly lower hematocrit (P < .001, t-value 4.57) and platelet count (P = .016, t-value 2.70) but Values shown indicate median (interquartile range). T-values are presented in the test statistic column. no significant difference in absolute white blood cell count (P = .186, t-value 1.38) in infected dogs.
| DISCUSSION
Our long-term monitoring of B. conradae infections in 2 dog kennels and similar reports suggest that babesiosis caused by this piroplasm is an under-recognized disease. 7, 8 In our study, we examined dogs from 2 kennels in the south-central valley of California and B. conradae infection was identified in 29 dogs over 6 years. In this population, infection with B. conradae was significantly associated with increasing age and a history of aggressive interactions with coyotes. Previous investigators hypothesized that B. conradae was vector-borne and implicated Rh. sanguineus as the likely vector being the most prevalent dog tick in the region. 4 In the population herein, ticks were only found on a single dog infected with B. conradae over the 6-year span. Furthermore, tick and flea infestations were not reported by the dogs'
owners. In addition, E. canis seroreactivity was present in only 1 dog;
if Rh. sanguineus was the likely vector, a higher prevalence of E. canis seroreactivity might have been anticipated. Although Rh. sanguineus has been implicated as a vector for M. haemocanis, 14 there was no association between M. haemocanis PCR positivity and B. conradae PCR positivity. Because tularemia can be tick-borne and transmission of F. tularensis by coyote bites has been reported, 15 we investigated the presence of potential exposure in these dogs. However, all tested dogs were seronegative for that pathogen, indicating a low risk of exposure in southern California.
Had fleas been the likely vector, a positive association between
Bartonella infection and B. conradae infection might have been expected. Dogs that were bacteremic with Bartonella were less likely to be infected with B. conradae, but there was an association with seroreactivity to B. v. subsp. berkhoffii. Infection with B. gibsoni has been associated with dog fighting among Japanese tosa dogs and pit bull terriers. 16, 17 It seems that transmission of B. conradae to these dogs may have resulted from aggressive interactions with coyotes, and only friendly behavioral interactions were observed by the owner or authors of our study among the hunting dogs themselves.
Prior studies have suggested that dogs infected with B. conradae were often anemic, but these studies lacked control groups and often included incomplete data on study animals which may have led to biased conclusions. 7 In our case-control study we attempted to provide a more comprehensive clinical picture of infection with B. conradae in dogs including hematologic, biochemical and thorough infectious disease testing. In our study, similar to findings from previous smaller studies, dogs testing positive for B. conradae were more likely to be anemic and had lower median hematocrits than control dogs. 1, 7, 18 Reticulocyte counts were not routinely performed as part of the present study, but dogs that tested positive for B. conradae were more likely to have a macrocytic, hypochromic anemia with an increased red cell distribution width, suggestive of a regenerative anemia. The mechanism for this anemia is likely multifactorial, resulting from increased erythrocyte fragility and intravascular hemolysis because of the presence of an intracellular parasite in addition to 
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